Introduction
Transition metal ions occur in metalloenzymes bound to several different donor atoms of peptide chains usually in highly distorted environm ents, such as found in plastocyanin, hemocyanin and hemerythrin, etc. [1] [2] [3] [4] . There has been great deal of effort focused towards obtaining model com pounds for the above metalloproteins [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
In previous papers, we have reported the prepara tions of several metal complexes of tripod ligands in order to gain the models for copper-and non-heme iron-containing proteins [22] [23] [24] [25] [26] [27] [28] [29] . Tripod-ligands are very suitable for the above purpose in that (a) several different kinds of ligand groups such as benz imidazole, phenol, thioether and pyridine can be in cluded in one ligand, and (b) the environm ent around the metal ion in these com pounds is flexible and elastic; for example the structure of [C u(ntb)X ]+ (X = Cl, Br) are trigonal bipyramid, whereas a square pyramidal structure has been assigned to [Cu(ntb)(imidazole)]2+ on the basis of the ESR spectra [23] , where (ntb) represents tris(2-benz-imidazolylmethyl)amine. These functions as models for oxyhemocyanin [22] , Type-I and Type-II copper proteins [23, 27] , Type-III proteins [25, 29] , pyrocatechase [26] , oxyhemerythrin and oxytyrosinase [28] .
In the course of this work, we also found that
H
In this article we report on the preparation of the complexes [Ni(bbimae)(NCS)2] ■ H 20 (1) and [V O(bbim ae)(NCS)2] • dma (dma = N,N-dimethylacetam ide) (2 ) and the determ ination of their crystal structures by X-ray diffraction m ethod, and discuss the structural properties of first-row transition metal complexes of (bbimae) in terms of the coordination features and ionic radii of the metal ions.
Experimental

Synthesis
The ligand (bbim ae) was prepared by the Nishida's m ethod [23] . The metal complexes were obtained as follows.
(N i(bbim ae) (N C S) 2J • H 20
To a hot m ethanol solution (30 ml) of (b b im ae)-H 20 (1020 mg, 0.003 mol) was added a m ethanol solution (15 ml) of N i(N 0 3 ) 2 • 6 H 20 (870 mg, 0.003 mol). An aqueous solution (25 ml) of N H 4NCS (530 mg, 0.007 mol) was added to this solution, and the mixture was allowed to stand for 10 days. The blue fine crystals precipitated were col lected by filtration. The crude crystals (500 mg) thus obtained were dissolved in ethanol (40 ml), and wa ter (60 ml) was added. Blue prisms were obtained after standing for a week. They were collected by filtration, and dried in vacuo over P2 0 5 for two days. 
[V O (bbim ae) (N C S)2] ■ dm a
A hot m ethanol solution (30 ml) of (bbimae) H 20 (1020 mg, 0.003 mol) and an aqueous solution (30 ml) of V 0 S 0 4-5 H 20 (760 mg, 0.003 mol) were mixed. To this solution was added a methanol solu tion (20 ml) of N H 4NCS (530 mg, 0.007 mol), and the mixture was allowed to stand for one day at 4 °C.
The pale violet pow der (50 mg) thus obtained was dissolved in dma (5 ml), and aqueous methanol (1/1 (v/v), 15 ml) was added. The solution was left to stand for a week at room tem perature, and blueviolet prisms deposited. They were collected by fil tration, washed with m ethanol, and dried in vacuo over P2 0 5 for 2 days. 
X -ray data collection
The crystals were m ounted on a Rigaku AFC-5 four-circle autom atic diffractom eter. Graphite m onochrom ated M oKa radiation (A = 0.71069 Ä) was used. A utom atic centering and least-squares routines were carried out on 25 reflections for each complex to obtain the cell constants given in Table I . The co-2 6 scan technique was employed to measure the intensities for a unique set of reflections. Three check reflections were m easured every 1 0 0 reflec tions. They exhibited no significant decay during the data collection. Intensities were corrected for Lorentz and polarization effects.
Structure solution and refinement
The structures were solved by direct methods (M U LTA N 78) [35] , and successive Fourier and difference-Fourier syntheses. The structures were re fined by block-diagonal least-squares procedures. The [38] pro grams. The therm al ellipsoids of the O R TEP plots were drawn at 50% probability level. The atomic scattering factors of non H-atoms were taken from ref. [39] , and those of H-atoms were adopted from the Tables of Stewart et al. [40] *.
Infrared Spectra
Infrared spectra were recorded by a Hitachi-Perkin Elm er G rating Infrared Spectrophotom eter model 225 on a KBr disk.
Results and Discussion
M olecular structure o f 1 C om pound 1 crystallizes in the orthorhom bic space group
The final atomic param eters are listed in Table II , and the im portant bond distances and angles in Table III . As shown in Fig. 1 , the (bbim ae) functions as a tetradentate ligand in this complex, and the geometry around the nickel(II) ion is best described as a distorted octahedron. This structure is very similar to those of the corresponding cobalt(II) and m anganese(II) complexes [31, 34] , The coordination bond lengths and the deviation of the equatorial atom from the best-fit planes generally decrease in the order M n(II) > Co(II) > Ni(II). In 1, two NCS ions coordinate in the ds-form and each M -NCS bond is almost linear (deviations from 180° are in the range 6 -28°). The coordination mode of (bbim ae) in 1 resembles that in [Ni(tren)(NCS)2] [41] , where tren represents tris(2-aminoethyl)amine. The two benzimidazole planes of (bbimae) are nearly parallel, the dihedral angle being 7.8°. The interm olecular contacts in 1 are different from those of the Co(II) and M n(II) complexes due to the presence of the lattice w ater (cf. Table IV ). The con tacts less than 3 Ä in Table IV cf. Table IV ) observed in M n(II) and Co(II) com plexes also indicate the presence of hydrogen bonds, since their distances are less than the sum of van der W aals radii of sulfur (1.8 Ä) and oxygen (1.5 Ä) atoms [42] , In the M n(II) and Co(II) complexes, there is a contact between the C -N bond of NCS and the S atom of the adjacent complex entities [31, 34] , however, no such contact was observed for 1 and 2 .
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M olecular structure o f 2
Com pound 2 crystallizes in the monoclinic space group P2j/c. The final atomic coordinates and the selected bond distances and angles are given in Table V and III, respectively. Fig. 2 shows that the (bbim ae) functions as a tridentate ligand and that the alcohol oxygen atom does not coordinate to the V (IV ) ion. The coordinate geometry around V(IV) ion can be described as an octahedron with a consid- [43, 44] , The V = 0 dis tance (V -0 (1 ), 1.580 Ä ) is the shortest among re lated complexes (1 .5 8 -1 .6 3 Ä ) [43, 44] , and almost the same as that in the five-coordinated square py ramidal complex [VO(phthalocyanin)] (1.580 Ä) [45] . The V -N(5) bond distance (2.525 Ä) trans to V = 0 is quite long and is out of the range of those in octahedral complexes (2.1-2.3 Ä ), consistent with the short V = 0 distance. Both of V -NCS bonds are roughly linear.
Infrared spectra
In the infrared spectrum of (2), v (V = 0 ) was ob served at 989 cm-1 (cf. Fig. 3 ), which is in-between v (V = 0 ) of five-coordinate (> 990 cm-1) and sixcoordinate (< 990 cm-1) V(IV) = 0 complexes [43, 44] , The structural data of first-row transition metal complexes of (bbimae) are summarized in Table VI , and their features illustrated in Fig. 4 .
The bond lengths of metal-benzimidazole nitro gen ( M -N ( l) and M -N (3 )) are in the range 1.95-2.18 Ä , and may be regarded as normal coor dination bond distances. In spite of the structures in this series, the increasing order of these bond lengths, V (IV ) = 0 < M n(II) > Co(II) > Ni(II) > C u(II) < Z n(II), are almost the same as those of the effective ionic radii of these metal ions [46] , except for the case of the V(IV) = 0 complex (c/. Table VI may be due to the fact that the Z n(II) ion has a tendency to take on a tetrahedral coordination. In fact, the coordination geom etry may be regarded as a tetrahedron if the Z n (II)-N(5) bond is neglected.
The M -O (alcohol oxygen) bond lengths of the M n(II), C o(II) and N i(II) complexes show the same tendency as that observed for the M -N(5) bonds. However, in the case of the copper(II) complexes, the Cu -O bonds are longer than those of the M n(II), Co(II) and Ni(II) complexes.
